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ELECTROSTATIC DISCHARGE PROTECTION DEVICE 
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5: .i 1, Field of the Invention 



BACKGROUND OF THE INVENTION 



[0001] The present invention is related to an electrostatic discharge (BSD) 
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protection device. More particularly » the present invention relates to an ESD protection 
device for bypassing an ESD current with low-capacitance and low substrate noise. 
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. . 2. Description of Related Art 

[0002] As the semiconductor technology advances^ the integration of the 



V^.cli^^i^ ij;. /semiconductor devices are enhanced by, for example, reducing the lixxe width and 
increasing the stacked layers of the semiconductor device* However^ as the area and the 
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tolerance of the integrated circuits (IC) reduce, the damage caused by the electrostatic 



. , 15 discharge (ESD) could become a serious problem. Conventionally, the waveform of the 
-electrostatic discharge (ESD) has the properties of shore rise time (e.g., generally 



[between 5ns,to ISns) and high pulse power (e.g., generally between lOOOV to 3000V). 

• • — 'ft • , 
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Therefore, when the integrated circuit (IC) is damaged by the ESD, the IC might get 
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^punched through or burned out suddenly. 
2pj [0003] Therefore, in order to resolve the problems described above, an ESD 

^protection circuit is generally disposed betx^^een the input and output pads of the IC to 
protect die IC from the ESD damage by shunting the electrostatic charges of die ESD 

> 

soi3.rce from the IC. Specially, the ESD protection circuit impacts the performance of the 
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radio frequency (RF) IC (e.g., the sigjoal mtegrity, input/output (I/O) impedance 

matchixig, power efficiency and bandwidth etc.) due to the sizeable ESD induced 

■j 

parasitics such as the parasitic resistance and capacitance associated with the ESD 



W^^^ -i . protection circxut, In addition, the ESD protection circuit also introduce noise coupling 



5: due to parasitic capacitance and will generate extra noises that will affect total IC noise 
Bgures- 

[0004] FIG. 1 A is a schematic circuit diagram of a conventional radio frequency 
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i(RF) ESD protection circuit* Referring to FIG. lA, an ESD protection circuit 110 is 
;%-|?;! ;'. J connected to an ESD power clamp circuit 102 and an internal circuit 103. The internal 
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td;;: circuit 103 may be constructed by a PMOS transistor X04 and an NMOS transistor 106. . 



The gate of the PMOS transistor 104 and the NMOS transistor 106 are connected to the 

« 
« 

pad 108, the soiirce of the PMOS transistor 104 is connected to the drain of the NMOS 
transistor 106, the drain of the PMOS transistor 104 is connected to the voltage Vjjp, and 
•the soiirce of the NMOS transistor 106 is connected to the voltage V^s- ESD 



il'i^: . I?, ^protection circuit 1 10 includes m diodes (i,e., diodes 1 12a to 1 12m) coimected between 
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the voltage Vdd and the pad 108, and n diodes (i.e., diodes 114a to 114n) connected 
between the voltage V^s and tiie pad 108. Accordingly, the ESD current may also be 
shunted from the pad 108 to Y^x, via the diodes 1 12a to 112m, or from the Vgs to the pad 
108 via the diodes 1 14n to 1 14a. 



[0005] FIG* IB is a schematic cross-sectional view illustrating the ESD 
' protection circuit of the RF ESD protection circuit shown in HO. lA. Referring to FIG. 
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IB, each of the diodes U2a to 1 12m and 1 14a to 1 14n may be constiucied by a N-well 
: region formed in a P-t3'i>e substrate 101, and a highly doped N-type region (N+ region) 
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and highly doped P-type region (P+ region) formed in the N-well. It is noted that, 
although the diodes 1 12a to 1 12m or the diodes 1 14a to 1 14n of the ESD protection 
circuit 1 10 may be xised to bypass the ESD current, however, the parasitic capacitance in 
the ESD protection circuit 110 is large. In general, the parasitic capacitance of each 



; ^"'! ; v5 diode in the ESD protection circuit 110 is associated with the parallel connection of the 
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• * 

iparasitic capacitance CI between the P+ region and the N-well region and the parasitic 
icapacxtance C2 between the N-well region and the P-type substrate 101 . It is noted that 
the parasitic capacitance C2 is much larger than the parasitic capacitance CI since the 

4 

,N-well region and the P-type substrate 101 are both lightly doped, and the area of the 
junction between the N-well region and the P-type substrate 101 is much larger than the 

# 

area between the P 4- region and the N-well region. It is noted that, since the parasitic 
<»pacitance C2 is connected between the pad 108 and the P-type substrate 101 directly, 
.the input capacitance of the ESD protection circuit 110 is increased. 

[000^ Therefore, &e conventional RF ESD protection circuit 1 10 shown in FIG. 
.lA and FIG. IB has the disadvantages that the parasitic capacitance of the ESD 
protection circuit 1 10 is large. It is noted that> the transmission of the RF signal may be 
^delayed due to the large parasitic capacitance of the ESD protection circuit 110. 

[0007] In order to solve the problem described above, another conventional RF 
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»ESD protection circuit is developed. FIG. 2 A is a schematic circuit diagram of another 
:conventional RF ESD protection circuit. Referring to FIG. 2A, an ESD protection 
^circuit 210 is connected to an ESD power clamp circuit 202 and an internal circuit 203. 
.The internal circuit 203 may be constructed by a PMOS transistor 204 and an NMOS 
transistor 206. The gate of the PMOS transistor 204 and the NMOS transistor 206 are 
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connected to the inputpad 208, the source of the PMOS transistor 204 is connected to the 

r : '^^^°ftl'«NMOSt«nsistor206.thedrainoffliePMOStransistor204isconneaedto 
the voltage V^, and the source of the NMOS transistor 206 is connected to the voltage 

I Vss. The ESD protection circuit 210 may be constructed by m diodes (i.e., diodes 212a 
1 5 : to 212m, wherein mSl) connected between the voltage and die pad 208 and a diode 

;. 214 connected between the voltage V„ and the pad 208. 

mOS} FIG. 2B is a schematic cross-sectional view ilhisirating the BSD 
I : : protection circuit of the RF ESD protection circuit shown in FIG. 2A. Refetiing to FIG 
|; ; 2B, each of the diodes 212a to 212m may be constructed by a N-weU region formed ia a 
jo . P-type substrate 201, and an N+ region and a P+ region fontwd in the N-weUr^^ 



■ \ » 
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In addition, the diode 214 is constructed by an N+ region, a P+ region and the P-lype 
substrate 201. It i« noted that, when FIG. IB and FIG. 2B are under similar process 
parameters and structure dimensions, the parasitic capacitance C3 of flie diode 214 is 
|-- . close t© the parasitic capacitance CI since the N+ region and the P+ region are highly 
^ . doped, and the area of the junction between the N+ region and the P-type substrate 201 
J . : in the diode 214 is close to the area of the junction between the P+ region and the N- 

^ t 

|: ; region in the diode 114a. Therefore, the parasitic capacitance of die ESD protecti^ 
circuit 210 is less than that of the ESD protection ckcuit 110 since the ESD protection 
circuit 210 shown in FIG. 2B does not mclude the parasitic capacitance C2 as the ESD 



< 



if : : protection circuit 1 10 shown in FIG. IB. 
: . [0009J It is noted that, in FIG. 2B, altJiough the parasitic capaciunce of the ESD 
iPiotection circuit 210 is reduced, however, a substrate noise generated from other 
i ?: :circuits in the same substrate 201 may be coupled into the RF input mode through the 
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diode214constnictedby theP-typesubstiate20l. Therefore. theperfonnanceof theRF 



m h r ; *^ " ^"^^^ ^ seriously degraded by 



jf^£C; ' SUMMARY OF THE INVENTION 



■.•"7k ■■• 

'., ••♦ .".•.♦jki . :f • :• 



£0010] Accordingly, the present invention is directed to electrostatic discharge 
(ESD) protection device with low^capacitance aad low substrate noise capable of 
^ •! 1 : bypassing an ESD current. 

' * *>«'»'•' ' ' ' ■ 

klif'S' i present invention is also directed to electt^^ 

OESD) protection circuit low-capacitance and low substrate noise capable of bypassing an 
ESDcuxrent. 
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[0012] According to one embodiment of tihie present invention, the ESD 
% xlfe^s 1: ■ Pro^tio^ «rcuit comprises, for example but not limited to. at least a diode connected in 
ilS- i^^ between a first voltage and a pad. and at least an ESD component connected in 

B ; series between a second voltage and a pad. Each of the at least an BSD component 
:{ ; comprises a deep N-well region formed in a P-type substrate, a triple P-well formed in 
; the deep N^weU region, and a highly doped N-type (N+) region and a highly doped 
■ P-type (P-f ) region formed in the triple P-well region. 
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^ll ; 's t '•^^^^ ^ embodiment of the preseait invention, when a number of the ESD 

: icomponent is one. the N-H region of the BSD component is connected to the pad. and the 
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.P+ region of the ESD component is connected to the second voltage. 



'^^'^ ^ embodiment of the present invention, when a number of the ESD 
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vcomponent is two including a 1« ESD component and a 2"^ ESD component, the N+ 
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- ti^^^-f X^S*^^ ^ 1** ESD component is connected to the pad, the P+ region of the 2"" ESD 
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component is connected to the second voltage, and the P+ region of the 1" ESD 




x^ixiponent is connected to the N+ region of the 2°^ ESD component. 

[0015] In one embodiment of the present invention, when a nxmiber of the ESD 
component is S including a 1" ESD component to a S**" ESD component, the N+ region 
iof the 1*^ ESD conq>onent is connected to the pad. the P+ region of the S*^ ESD 
component is connected to the second voltage, and the P+ region of the 1^ ESD 
cono^nent is connected to the N+ region of the (T-l-1)'^ ESD component, wherem S is 
a positive integer and T is a positive integer from 1 to S-1. 

[0016] In one embodiment of the present inventioxx, each of the at least a diode 
con^rises a N-well region formed in a P-type substrate, and a N-l- region and a P + 
■region formed in the N-well region. 

I [0017] In one embodiment of the present invention, when a nmnber of the diode 



is one, the N + region of the diode is connected to the first voltage, and the P region of 
: ;>^v^t .- i^. the diode is connected to the pad. 

• • •:• •••• 
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[0018] In one embodiment of the present invetxtion, viien a number of the diode 
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is two including a first diode and a second diode, the N+ region of a first diode is 
:connected to the first voltage, the PH- region of the second diode is connected to the pad, 
.:^: v;v/v, v iand the P-f- region of the first diode is connected to the N+ region of the second diode. 

.,'5 ..* . 

• *• - • 

' F ' * * 

: i- ' :2(| v [0019] In oxJie embodiment of the present invention, when a number of the diode 
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;is S including a 1** diode to a S^ diode, the N -f region of the 1" diode is connected to the 
ifirst voltage, the P+ region of the S"^ diode is coimected to the pad, and the P+ region 
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of the diode is connected to the N+ region of the (T+1)* diode, wherein S is a 



5V. positive integer and T is a positive integer from 1 to S-1. 

[0020] In one embodiment of the present invention, the ESD protection circuit 
. I : further comprises another ESD protection circuit comprising a PMOS transistor and an 
4; NMOS transistor. A gate of the PMOS transistor dixd a gate of the NMOS traxisistor are 



'<■* ' 



•connected to the pad, a source of the PMOS transistor is connected to a drain of the 
'NMOS transistor* a drain of the PMOS transistor is connected to the first voltage, and a 

X- - 

source of the NMOS transistor is connected to the second voltage. 

. • • : 

; i- ; [0021] In one embodiment of the present invention, the ESD protection device is 

10 . a radio frequency (RF) ESD protection device. 

4 * ■ 

■f ' [0022] According to another embodiment of the present invention* the ESD 

3 ' * • 

i , protection circuit coz)Oprise$, for example but not limited to, at least a first ESD 
component connected in series between a first voltage and a pad, and at least a second 

* * * 

: BSD component connected in series between a second voltage and a pad. Each of the at 
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is" .least a first ESD component or the at least a first ESD component comprises a deep 

I 

w 

N-well region formed in a P-type substrate, a triple P-well formed in the deep N-well 
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Iregion, and a highly doped N-type (N+) region and a highly doped P-type (P-h) region 
formed in the triple P-well region. 
: ' [0023] In one embodiment of the present invention, when a number of the first 

- 

..I 

20 JESD component is one, the N+ region of the first ESD component is connected to the 

* m * 
I 

]k- • !pad, and the P+ region of the first ESD component is connected to the second voltage. 

" . , • * 

V m 

[0024] In one embodiment of the present invention, when a nmnber of the first 
'ESD component is two including a 1"* first ESD component and a 2 first ESD 
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componeniy the N+ region of a I" first ESD component is connected to the pad, the P+ 
.'region of the 2*^ first ESD conq)oiient is connected to the second voltage » and die P+ 
Region of the 1^ first ESD component is connected to the N + region of the 2"^ first ESD 
component. 



V ' 
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[0025] In one embodiment of the present invention, when a number of the first 
ESp component is S including a 1" first ESD component to a first ESD component, 
the N + region of the 1" first ESD component is connected to the pad, the P-^ region of 

* 

* 

the S**" first ESD component is connected to the second voltage, and the P+ region of the 
;t* first ESD component is connected to the N-h region of tibe (T+1)^ first ESD 



■ • • h . • ' 



,« ». ii w - ■..>! .J.. 



* n ** - »• 



CO] 



It, wherein S is a positive integer and T is a positive integer from 1 to S-1. 
[0026] In one embodiment of the present invention, when a number of the second 
• ESD component is one, the N + region of the second ESD component is connected to the 
:first voltage, and the P4- region of the second ESD component is connected to the pad. 



[0027] In one embodiment of the present invention, when a number of the second 
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ESD component is two including a 1^ second ESD component and a 2"^ second ESD 
component, the region of a 1" second ESD component is connected to the first 
voltage, the P+ region of the 2°^ second ESD con4>onent is conxiected to the pad, and the 
:P+ region of the l*" second ESD con^ponent is connected to the N+ region of the 2"*** 
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second ESD component. 

[0028] In one embodiment of the present invention, when a number of the second 
;ESD component is S including a 1" second ESD component to a S'^ second ESD 
^component, the N + region of the 1** second ESD component is connected to the first 
: voltage, the P+ region of the S"*" second ESD component is connected to the pad, and the 
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. P+ region of the T** secojod ESD component is connected to the N+ region of the 
. (x-f 1)* second ESD conq)onent, wherein S is a positive integer and T is a positive 

3 

m 

^ integer from 1 to S-1 . 

[0029] In one embodin^ent of the present invention, the ESD protection circuit 

: further comprises another ESD protection circuit comprising a PMOS transistor and an 

• • 

NMOS transistor. A gate of the PMOS transistor and a gate of die NMOS transistor are 
; connected to the pad, a source of the PMOS transistor is connected to a drain of the 

■ 

NMOS transistor, a drain of the PMOS transistor is connected to the first voltage, and a 

« 

• source of the NMOS transistor is connected to die second voltage. 

[0030] In one embodiment of the present invention, the ESD protection device is 
,a radio frequency (RF) ESD protection device. 

[0031] Accordingly, since the ESD component is provided for the ESD protection 

> 

icircuit of the present invention, the parasitic capacitance of the ESD protection circuit is 
inmch less than that of the conventional RF ESD protection circuits. In addition, since the 
.ESD component dose not constructed by the substrate of the ESD protection circuit, the 
. problem of die substrate noise may be reduced. 

] [0032] One or part or all of these and other features and advantages of the present 
invention will become readily apparent to those skilled in this art from the following 
.description wherein there is shown and described a preferred embodiment of this 
.invention, simply by way of illustration of one of the modes best suited to carry out the 

s 

invention. As it will be realized, the invention is capable of different embodiments, and 
its several details are capable of modificaiions in various, obvious aspects all without 
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jdepaxting from the mventiou. Accordingly^ the drawings and descriptions will be 
•regarded as illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] The accon^anying drawings are included to provide a fuidier 
jUnderstandixig of the invention, and are incorporated in and constitute a part of this 
^specification. The drawings illustrate embodiments of the invention and» together with 
^e description, serve to explain the principles of the invention. 

■ 

[0034] FIG. lA is a schematic circuit diagram of a conventional RF BSD 
protection circuit. 

[0035] FIO. IB is a schematic cross-sectional view illustrating the ESD 
protection circuit of the RF ESD protection circuit shown in FIG. lA. 

[0036] FIG. 2A is a schematic circuit diagram of another conventional RF ESD 
protection circuit. 

• [0037] FIG. 2B is a schematic cross-sectional view illustrating the ESD 
protection circuit of the RF ESD protection circuit shown in FIG. 2A. 

[0038] FIG. 3A is a schematic circuit diagram of a RF ESD protection circuit 
according to one embodixxxent of the present invexxtion. 

[0039] FIG. 3B is a schematic cross-sectional view illustratixxg the ESD 

m 

protection circuit of the RF ESD protection circuit according to one embodiment of the 
present inveniioo. 

r 

[0040] FIG. 3C is a schematic circuit diagram of an ESD protection circuit 
. according to one embodiment of the present invention. 

10 
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[ [0041] FIG. 3D is a schematic cross-sectional view illustrating an BSD protection 
circuit of an ESD protection circuit according to one embodiment of fhe present 
' invention. . 

[0042] FIG. 4 is a diagram illustrating the parasitic capacitance of the ESD 
.protection circuit of the present invention and the conventional RF ESD protection 
.circuit versus the nuniber of the ESD components or diodes thereof. 

[0043] FIG. 5 A is a schematic circuit diagram of a RF ESD protection circuit 
according to one embodiment of the present invention. 

[0044] FIG. 5B is a . schematic cross-sectional view illustrating the ESD 
^protection circuit of the RF ESD protection circuit according to one embodiment of the 
present invention. 

m 

[0045] FIG* 5C is a schematic circmt diagram of an ESD protection circuit 
^ according to one embodiment of the present invention, 
i f : [0046] FIG. 5D is a schematic cross-sectional view illustrating an ESD protection 

■ • * • 

' ' ' •" : 

li; ^circuit of an ESD protection circuit according to one embodiment of the present 

■'r .invention. 



DESCRIPTION OF EMBODIMENTS 
[0047] The present invention now will be described more fully hereinafter with 



^v A'. .10 : reference to the accompanying drawings, in which preferred embodiments of the 

t 

•invention ate shown. This invention may, however, be embodied in many different 
Sixsns and should not be construed as limited to the embodiments set forth herein; rather. 



.♦'» •• • ». . • 



•these embodiments are provided so that this disclosure will be thorough and complete. 
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and will fully convey the scope of tbe invention to those skilled in the art. Like numbers 

a 

refer to like elements throughout. 

[0048] PIG. 3A is a schematic circuit diagram of an ESD protection circuit 
according to one embodiment of the present invention. Referring to FIG, 3A, an ESD 
protection circuit 310a is coimected to an ESD power clan^ circuit 302 and an internal 
: circuit 304 between voltages Vi>|> and Vgg. In one embodiment of the present invention, 
vthe voltages Vpt, and represent a high voltage and a low voltage or vice versa. The 
ESD protection circuit 310a comprises, for example but not limited to» at least a diode 
connected between voltage Wjy^ and the input pad 308» and at least an ESD cotnponeni 
connected between voltage V^^ and the pad SOS. 

[0049] FIG. 3B is a schematic cross-sectional view illustrating an ESD protection 

« 

:.circuit of an ESD protection circuit according to one embodiment of the present 



invention. Referring to FIG. 3 A, at least a diode (e.g. , m diodes 312a to 3 12m are shown 



in FIG. 3B, wherein ra>l) is connected in series between voltage V^p and the pad 308, 



^ ^ ' 5* • 



15 - and at least an ESD component (e.g. , n ESD components 3 14a to 3 14n are shown in FIG. 



:.{ •*. ',(' "* "i - 

••■^1;' 



••„*; , . ^ .•• 
. • • • : ■ 

£ » • • • • 



* t *' 



2*. 



3B, wherein n>l) is connected in series between voltage and the pad 308. Referring 
to FIG. 3B, each of the diodes 312a to 312ni comprises, for exaiiq>le but not limited to, 
a N-well region formed in a P-type substrate 301, and a highly doped N-type region (N + 
:region) and a highly doi>ed P-type region (P+ region) formed in the N-well region. In 
>one embodiment of the present invention, the ESD protection circuit 310a may comprise 



"Wi^^^ =Only two diodes (e.g., diodes 312a and 312in). Thus, the P+ region of the diode 312a 
is connected to the pad 308, the N + region of the diode 3 12m is connected to voltage Vbd, 



■ ♦ •••••• 

y» ' ' * * 

• • . V ■ 



;and the N+ region of the diode 312a is connected to the P+ region of the diode 312m. 
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[0050] Referring to FIG. 3B» each of ihe BSD components 314a to 314n 
comprises » for exanple but not limited to^ a deep N-well region formed in the P-type 
:substrate 301. a triple P-well formed in the deep N-weli region, aad an N+ region and 
a P+ region formed in llie triple P-weli region. In one embodiment of the present 



invention, the ESD protection circuit 310a may comprise only one BSD components 

>.'•• .« :. ' 



■ : > -v if.-- 



^[e.g, , ESD components 3 14p) connected between the pad 308 and the Vgg. Thus, the N + 



'^/^ V^:--/^: jegion of the ESD component 3l4a is connected to the pad 308, the P+ region of the 



- • \ .t ." • » .V 



1 ... f. 



• •■4;-: ■■ 



BSD con4}Onent 314a is connected to voltage V^j, and the P+ region of the ESD 
icon^onent 314a is connected to the N+ region of the ESD component 314n. 



[0051] FIG. 3C is a schematic circuit diagram of an ESD protection circuit 



■«'. .-: 



according to one embodiment of the present invention when m= 1 and n= 1. Referring 

> 

to FIG. 3C, the ESD protection circuit SlOccomprises, for example but not limited to, 



one diode 312p connected between voltage Vpi> and the pad 308, and one ESD 
I^^^S- ^ I • ^component 314p connected b^ween voltage Vjj and the pad 308. 

..• Vi ■; • 

, *. ^ ^ c ■ 

4i0-/i5r: [0052] FIG. 3D is a schematic cross-sectional view illustrating an ESD protection 



^circuit of an ESD protection circuit according to one embodiment of the present 
invention when m=l and n=l. Referring to FIG. 3D, the diode 312p comprises, for 



I: exan^le but not limited to, a N+ region and a P-h region formed in a N-weU region in 



, .1,.-. . 



I. :a P-type substrate 301. The P+ region of the diode 3 12p is connected to the pad 308, and 
i. ■ i • ? N + region of the diode 3 12p is connected to voltage V^d The ESD components 3 14p 



'comprises, for example but not limited to, a deep N-weU region formed in the P-type 
:substrate 301, a triple P-well formed in the deep N-well region, and an N+ region and 



[ ■i-'i^l:^:!^ ■ 'a highly doped P-type region fonned in the triple P-well region. The N+ region of the 



• '*!•": ■-• 



at.....,*., 



- V- . •-•5 ? 
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^i^fc^^r component 314p is connected to the pad 308, and the P+ region of the BSD 



1- component 314p is connected to voltage V^g. 

. • ... • • • 

V*' . * I * • ■ 
■.»* ,*-• ■ • 

(0053] It should be noted ihat, the BSD protection circuit 310a shown in FIG, 3A 



• .' • • . • ■ •■ •-' 

• • • , ■ • 



]wd FIG. 3B or the BSD protection circuit 3I0c shown in FIG. 3C and FIG. 3D is only 



tr: $ f .illustrate as an exemplary exan^ie^ and should not be adopted for limiting the scope of 



r-. r.V ' 



r.:. • ■ * 

< I. '. ^ 



othe present invention. In the present invention, the ESD protection circuit may comprise. 



li -:' : > • ;for example but not limited to, one or more diode connected between voltage V^p and the 



i>ad 308, and one or more ESD component connected between voltage Vss ^ ^ P^d 



•I:)'/ 



.308. 

id [0054] In one embodiment of the present invention, the ESD protection cuxuit 



■*= . . .Us. 



1 



3 10a or 3I0c may be adopted for a RF ESD protection circuit. 

[0055] In one embodiment of the present invention, the ESD protection circuit 



v^'l' !.::;.; -siOa or 310c further con[5>rises an internal circuit 304* The ititemal circuit 304 
comprises, for example but not limited to, a PMOS transistor 306a and an NMOS 



15 : transistor 306b . The gate of the PMOS transistor 306a and an NMOS transistor 306b are 

«.'.'*. 

tti : iconnected to the pad 308, the source of the PMOS transistor 306a is connected to the 



V .^Jt,,. . -,1 

f ■ •«•* 

• »- * ' . 

^ ■I-''. • ." ^' . 

• - L 'J 



idrain of the NMOS transistor 306b, the drain of the PMOS transistor 306a is connected 

> 

■ 

to the voltage V^p, and the source of the NMOS traxisistor 306b is connected to the 



^1 • ..b 



• > ■ 



■voltage Vss» 

i^v. • [0056] Referring to FIG. 3B or 3D, the parasitic capacitance of the ESD 

•components 3 14a to 3 14n or 314p is associated with the series connection of the parasitic 
:capacitance C4 between the N+ region and the triple P-well region, the parasitic 
•capacitance C5 between the triple P-well region and the deep N-well region, and the 



' • ... \ • '• 
_ '. . ' , 
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j)arasitic capacitance C6 between the deep N-well region and the P-type substrate 301. 
The parasitic capacitance C4 is much less than the parasitic capacitance CS or C6 since 
the N+ region is highly doped and the area of the junction between ihc N+ region and 
the tr^le P-well region is much less than the area of the junction between the triple P- 
well region and the deep N-well region, or the area of the junction between the deep 
'^-well region and the P-tyi>e substrate 301 . Therefore, since fhe parasitic capaicitance of 
;the ESD coniponents 3 14a to 314n shown in FIG, 3B or the ESD conq>onent 314p shown 

i 

. in HG. 3D is associated with the series connection of the junction capacitances C4, CS 
:and C6, the parasitic capacitance of the ESD protection circuit 3 10a or 3 10c between the 
pad 308 and ttie P-type substrate 301 may be reduced.. 

[0057] It should be noted tiial, when FIG. 3B, FIG. 3D and HG. 2B (or HG. IB) 
are under similar process parameters and structure dimensions, the parasitic capacitance 
C4 is close to the parasitic capacitance C3 (or CI) since the area of the junction between 



- i , - . . . 



;the N H- region and the triple P-well in the ESD conq)onents 3 14a to 314n shown in FIG. 

» ,. 1 1 . . .4: 

^! vfel^^ i|: . 3B or the ESD component 314p shown in FIG .3D is close to the area of the junction 

/• : fhi-i • ■;.->; 

" . '^'.vi : ■ : ' . 



..7 — "I- , • , I ■ 

-.. • »>■'■-. i ' 



r 



ibetween the N + region and the P-type substrate 201 (or the area of the junction between 

« 

'the P+ region and the N-well region). Therefore, the parasitic capacitance of the ESD 
.'protection circuit 310a or 310c (less than the junction capacitances C4) is less than the 



'parasitic capacitance C3 of the diode 214 or less than the parasitic capacitance of the 
■W^i:::^^' iseries connection of the diodes 114a to 114n. Accordingly, the parasitic cjtpacitance of 



,the ESD protection circuit 310 a or 310c is less than that of the ESD protection circuit 
. 210 or the ESD protection circuit 110. 



r 
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5 [0058] In addition, when FIG, 3B and FIG. 3D are under similar process 



. ; • » 



' ' \ parameters and structure dimensions , the parasitic capacitance of the series connection of 
''\ :: - I/. Jhe BSD components 3 14a to 3 14n shown in HG. 3B is less than the parasitic capacitance 



V- J t . 



the BSD coIz^>onent 314p shown in FIG. 3D. Accordingly* the parasitic capacitance 



v.::- 



• of the ESD protection circuit 310a is much less than that of the BSD protection circuit 
:-.^-^W:\-^ 210 or the ESD protection circuit XIO. 

[0059] FIG. 4 is a diagram illustrating the parasitic capacitance of the ESD 



y\i ~ .i^i!" -vii protection circxut of the present invention axxd the conventional ESD protection circuit 



versus the mimber of the ESD components or diodes thereof. In HG. 4, the uppermost 



lif ^ iinc represents the parasitic capacitance of the conventional ESD protection circuit 1 10 



./ .i--v~ 



♦ A 



• *«■.; •••• k 



including k diodes 112a to 112m (i.e.. m=10 and k diodes 114a to 114n (i.e., n=k), 
wherein k^l, 2, or 3. The middle line represents the parasitic capacitance of the 
conventional ESD protection circuit 210 including k diodes 212a to 212m (i.e.» m=k) 



1^^^ and one diodes 214a, wherein k= 1. 2, or 3. The lowermost line respresents the parasitic 

* <■ '■■ ■• .'■ * ■' 

C ; ^ll^s; ^capacitance of the ESD protection circuit 310a comprising k diode 312a to 312m (i.e., 

m=k) and k ESD components 314a to 314n (i.e., n=k) as shown in FIG. 3B» wherein 



•:: t . . . : 



' "•■ I. ^\ • 
, .A-:-; *■ KT- 

■ -*•••«. V .-• ■• f\ 



^k»l, 2, or 3. It should be noted that, the ESD protection circuit 310a has the lowest 
^parasitic capacitance compared to that of the conventional RF ESD protection circuit 110 



■-^^i'fk^'r!:' or 210. 



20 [0060] FIG. 5A is a schematic circuit diagram of an ESD protection circuit 

.'according to one embodiment of the present invention. FIG. 5B is a schematic cross- 



■ • -• ■ - • ■ 

. •"i.-Vj.'.' y. ■: ■ " 

=?:|^fvVi-.:-' ! sectional view illustrating an ESD protection circuit of an ESD protection circuit 



V t\"' i.-.' ...i . 

. -v. - •; ■ - ; f. . 



^according to one embodiment of the present invention. The ESD protection circuit 510a 



' ■•.V 
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ishown in FIG, 5 A and FIG. 5B is similar to the ESD protection circuit 310a shown in 



% r. I •• 
. » •. . 



■t- : 



FIG. 3 A and FIG. 3B except for that the diodes 312a to 312m of the ESD protection 
circuit 310a is replaced by the BSD con^nents S 12a to 512m of the ESD protection 
4- circuit 510a. 



■» v.. 



[0061] FIG. SC is a schematic circuit diagram of an ESD protection circuit 
according to One embodiment of the preset invention as m=»n=l. FIG. 5D is a 
schematic cross-sectional view illustrating an ESD protection circuit of an ESD 



; nJ. .protection circuit according to one embodiment of the present invention as m=n=l. 



The ESD protection circuit 510c shown in FIG. 5C and FIG. 5D is similar to the ESD 



i^V protection circuit 310c shown in FIG. 3C and FIG, 3D except for that the diodes 312p of 



.. ..' !» , 



..ft".. J 



the ESD protection circuit 310c is replaced by the ESD components 512p of the ESD 
protection circuit SlOc. 

> ■ 

: [0062] It should be noted that, when FIG. 5D and FIG. 3D are under similar 

process parameters and structure dimensions, the parasitic capacitance of the series 

»* . * . • 
'■^ 

connection of the ESD component 512p shown in FIG. 5D is less than the parasitic 
capacitance of the ESD component 312p shown in FIG. 3D. 

[0063] In addition, when FIG, 5B and FIG. 3B are under similar process 
parameters and structure dimensions > the parasitic capacitance of the series connection of 
ithe ESD components 512a to 512m shown in FIG. 5B is less than the parasitic 



,' .r. 



fe; capacitance of the ESD components 3 12a to 312m shown in FIG. 3B. Thus, the parasitic 



capacitance of the ESD proteaion circuit 510a is less dian that of the ESD protection 
circuit 310a. Accordingly, the parasitic capacitance of the ESD proteaion circuit 510a 
is much less than that of the ESD protection circuit 210 or the ESD protection circuit 110. 
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[0064] Accordingly « since the BSD coniponent is provided for tbe BSD protection 
^circuit of the BSD protection circuit of the present invention, the parasitic capacitance of 
}the ESD protection circuit is much less than that of the conventional RF ESD protection 
circuit. In addition ^ since the ESD component dose not constructed by the substrate of 
the ESD protection circuit of the ESD protection circuit, the problem of the substrate 

noise may be reduced. 

[0065] The foregoing description of the preferred embodiment of the present 
invention has been presented for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the precise form or to exenqplary 
.embodiments disclosed. Accordingly* the foregoing description should be regarded as 
iiUustrative rather than restrictive. Obviously, many modifications and variations will be 
apparent to practitioners skilled in this art. The embodiments are chosen and described 
in order to best explain the principles of the invention and its best mode practical 
ai^lication> thereby to enable persons skilled in the art to understand the invention for 
rvrarious embodiments and with various inodifications as are suited to the particular use or 
implementation contemplated. It is intended tiiat liie scope of the invention be defined by 
the claims appended hereto and their equivalents in which all terms are meant in their 
.broadest reasonable sense unless otherwise indicated. It should be appreciated that 
;variation$ may be made in the embodiments described by persons skilled in the ait 

« 
■ 

.withoxvt d^arting from the scope of the present invention as defined by the following 

m 

: claims. Moreover, no element and cotrqwuent in the present disclosure is intended to be 
•dedicated to the public regardless of whether the element or component is explicitly 

* 

; recited in the following claims. 

IS 
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ELECTROSTATIC DISCHARGE PROTECTION DEVICE 



BACKGROUND OF THE INVENTION 



if' 



1. Field of the Invexxtion 



'■'f:i:.;.-: 

"z • ■ . , 

. .fi • : . 
•'•iTi'-} ' v.. . 



...1! 



1 [0001] The present invention is related to an electrostatic discharge (ESD) 
protection device. More particularly, the present invention relates to an ESD protection 
device for bypassing an ESD current with low-capacitance and low substrate noise« 



. • ^ «« 



"f'f**'-'". 



■ire:-- 



2. Description of Related Art 

[0002] As the semiconductor technology advances, the integration of the 
semiconductor devices are enhanced by, for example, reducing the line width and 



i;^; • increasing the stacked layers of the semiconductor device. However, as the area and the 



,r . . .', - 



15- 



-A 



"•1 • T . 



A'- 



■its: . 



2 a 



tolerance of the integrated circuits (IC) reduce, the damage caused by the electrostatic 
discharge (ESD) could become a serious problem. Conventionally, the waveform of the 
electrostatic discharge (ESD) has die properties of short rise time (e.g., gexjerally 
between 5ns to 15ns) and high pulse power (e.g., generally between lOOOV to 3000V). 
Therefore, when the integrated circuit (IC) is damaged by the ESD. the IC might get 
' punched through or burned out suddenly. 

i [0003] Therefore, in order to resolve the problems described above, an ESD 



: protection circuit is generally disposed between the input and output pads of the IC to 

ftW I- i protect the IC from the ESD damage by shunting ihe electrosuiic charges of the ESD 
: ' source from the IC. Specially, the ESD protection circuit impacts the performance of the 



: : : 

■V* 

*4 _■- ^ 



!f 0i-22:(ssHUUi) NOliVHfKl « K»869C2:(IiS3 ,90C62Z8:SINa i On-JllXd3K)idSfl:ilAS i [auiji pjepuEis uja}se3] m m^i mm IV mi < mt 30Vd 

^'Ii^v;;!^;. Marked version Customer No,: 31561 

.fl;^-^':!" •. Docket No.: 14217-US-PA-X 

AppUcation No.: 10/710,618 




Pr^:?'?^*. .radio frequeocy (RF) IC (e.g., the signal integrity, input/output (I/O) impedance 



matching, power efficiency and bajodwidth etc.) due to the sizeable BSD induced 
parasitics such as the parasitic resistance and capacitance associated with the BSD 

*•••'» ■ • 
.- I'":-.',' 

^^^pS protection circuit. In addition, the BSD protection circuit also introduce noise coupling 



•iC/. .' ^ 



» ' iV 



psi. ';5^i . due to parasitic capacitance and will generate extra noises that will affect total IC noise 



:.,t?.n;::- . . ' 

• ^ if. V* 
• if "-' 
".■ifX*^ ' " 



.figures. 



.•^^Si • [0004] FIG, lA is a schematic circuit diagram of a conventional radio frequency 



: :(Rjp) BSD protection circuit. Referring to FIG. lA, an BSD protection circuit AOft-llO 

'""■^S^ :C • igcoiiriect ed to an ESP pow er clamp circ uit 102 an d an internal circu it 103. The in ternal 



?f llip'; circu it 103 including may be con structe d by a PMOS transistor 104r and an HMOS 
transistor 106... and a diode erring 110 io connccTcd to an inpnt/output (I/O) pad 108 and 




> ic cQnncQtod . bcr . vccn voUagcfi V^^^ii V^ of RF IC 103 - The gate of the PMOS 
' transistor 104 and the NMOS transistor 106 are connected to the pad 108, the source of 



.:.•:».--: v.. ".i 

*. *• . • l. •< ■ > 

■ ; ;: I-*-". ■ 'i 



the PMOS transistor 104 is connected to the dram of the NMOS transistor 106, the drain 



15 V :of the PMOS transistor 104 is connected to the voltage Vod. ^ the source of the NMOS 
'transistor 106 is connected to the voltage Vss- The diodg gtrin^ ESD protection circuit 



r>©> ^ hlO inchides m diodes (i.e., diodes 112a to 112ni) connected between the voltage Vdd 
■ ijr: j J* ; and the pad 108^ and n diodes (i.e. , diodes 1 14a to 1 14o) connected between the voltage 
:Vjs and the pad 108. Th& PMOS trait^irtor 101 and the MT^IOS tranf . ifitor 106 ■ a<^ 



' :■ ■»"•*<.. • • •• V 



^^^^^^\■ ; provided for byprrrnng - ^ho ESP current . la nddiUQiTA cc<2lj[inglY, ^ - portion of t he BSD 
current may also be shunted from the pad IPS to via the diodes 112a to 112m^ or 
from the^\^ ^ to the pad 108 via the diodes JHr4a-114iLto J44^<- 114a o f the cjiodg ctHiigJ ift . 



" ^ 4 • * ? 



• ••• ;.: :•. 
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[OOOSJ FIG. IB is a scdbeixjatic cross-sectional view illustrating the diodo 
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fitghtf cESD protection circuit of the RF BSD protection circuit shown in FIG. lA. 



ry|;;:;>My HejBErring to FIG. IB, each of the diodes 112a to 112m and 114a to 114n may be 
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'■^h^^^-J:': .constructed by a N-well region formed in a P-type substrate 101, and a highly doped 



#1 S/'- N-type region (N+ region) and highly doped P-type region (P+ region) formed in the 
W^y'k' 'N-well. It is noted that, although the diodes 112a to 112m or the diodes 114a to 114n of 

j'.-i ■ . 

;the diodg ctringESD jir otect i on circuit 1 10 may be used to bypass aponion of t he BSD 




;current» however, the parasitic capacitance of each diode in the diode ctrinfl ESD 
protecti on circui t 1 10 is large. In general, the parasitic capacitance of each diode in the 



■Mim- .diode PtringESD protecti on cir cuit 110 is associated with the parallel connection of the 
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iparasitic capacitance CI between the P+ region and the N-weU region and the parasitic 
capacitance C2 between the N-well region and the P-type substrate 101. It is noted that 



the parasitic capacitance C4-C2.is much larger than the parasitic capacitance C12 since 
the N -well rejj ion and the P-type subs trat e 101 are both l ig htly doped > and the area of the 
'^i|f|Sl'$- ; junction between the N-well region and the P-type substrate 101 is much larger than the 
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;area between the P4- region and the N-well i^ion. ThgrcfoggN» the paracitic capacitance 
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XI '^:lV =i • ' of tho dioder . 1 12a to 1 13m)r Similarly, thc paraf.itiC capacitarwc of thg cgriec connt^ciion 
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:tQ ll4n>i Thvr . thg parasitic capacttaRCg of the diodg vtring 110 ic about 
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' (CH-C3)/(a+Tn). It if aotod thrLt, fiarg th . c parariti'^ copncitaTOo CI ic nw > h larger than 

■ 

: the paracitio capacitance . C3, the pr . rariTic i^upacitaiice cf tht? ili .^-^^ £;r;og 1 10 ii: nill laTgr- 
- It is noted that, .Sincejhe^paras C2 is conn ect ed between t he pad 108 and 
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the P-tvpe i>ub$trate 101 diteci l y , tbe input capacitance of the ESP protection circuit 1 10 

■ 

■ is increased, 

; [0006] Therefore, the ccmventioiial RF ESD protection circuit 1 100 shown in FIG. 
;1A and FIG. IB has the disadvantages that the parasitic capacitance of the 



5^- .'etfifts ESD pro te ction circuit 110 is large. It is noted that, the transmission of the RF 
li^i 'i? .' signal may be delayed due to the large parasitic capacitance of the diode etrinj^ ESD 



. wotection circuit 110. Thus^ th<3 perfornmcc of the FJP IC 102 ia degraded oi j -wea 



1 -/^ : 



[0007] In order to solve the problem described above* another conventional RF 



10.1 ; iESD protection circuit is developed- FIG. 2A is a schematic circuit diagram of another 
conventional RF ESD protection circuit. Referring to FIG. 2A, an ESD protection 



|! I iri: ^ /circuit 20 10 includmg is connect ed to an ESD power clamp circui t 202 and an internal 
Htsi; -circuit 203. The inte rnal circu it 203 n^ty be constructed by a PMOS transistor 204t and 



an NMOS transistor 2Q6- ^' a nd a diodg string 210 is connogtcd to an I/O pad 208' and 
lM^:^i5:- : c onnocted bcturcgn voltaecc V,aa TOd V^^ . of RF IC 202 . Thegateof the PMOS transistor 



204 and the NMOS transistor 206 are connected to the input j)ad 208, titie source of tibie 
•PMOS transistor 204 is connected to the drain of the NMOS transistor 206, the drain of 
^ the PMOS transistor 204 is connected to the voltage Vp^. and the source of the NMOS 

• • • 

transistor 206 is connected to the voltage V^j. The diode strini^ ESD prot ection circuit 

..».._•• . . ■ 
•. • •: . » ' 

^ Ji'- V2f • '210 ineludcfi may be constructed by a plurality ofm diodes (i.e., diodes_ 212a to 212ni, 
wherejii 0 connected ber^'een the voltage V^d and the pad 208 and a diode 214 
\ connected between the voltage Yss ^® P^^ 208. 
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[000S8] FIG. 2B is a schematic cross-sectional view illustrating the dicdg 
s4ri» g£SP protection circuit of the RF BSD protection circuit shown in FIG. 2A. 
^Referring to FIG. 2B, each of the diodes 212a to 212ni may be constructed by a N-well 
Tegion fonned in a P-type substrate 201, axxd an N+ region and a P+ region formed in 
the N-well region* In addition, the diode 214 is coxistructed by an N+ region, a P+ 

• 4 

region and the P-type substrate 201- It is noted that, when FIG. IB and FIG. 2B are 
under similar process parameters and structure dimensions, the parasitic capacitance C3 
of the diode 214 is close to the parasitic capacitance CI since the N + region and the P+ 

« 

-r egion are highly dope d,_ and the area of flie junction between the N + region and the 
:P-type substrate 20 1 in the diode 2 14 is close to the area of the junction b^ween the P H- 
^region and the N-well region in the diode 1 14a. Thcrgfwoi thai paraciiic capacita i Uga C3 
of th» diodo 211 shown in FIG. IB is Igss Uirui ^ tho parasitig ggpc i tfiUnce (CI C3)/in of 



the cGrioo connoction of tho diodgc 1 l^a to I 1 4 t> >. T herefore, the parasitic capacitance of 
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' 3-::ff|l5 pr ote ctio n c ircuit 110 since the ESP protect ion circuit 210 shownjn FIG, 2B does n c 

include the parasitic cap acitance C2 as the ESP protec tio n circuit 1 10 s h own in FIG. IB. 



the diodg etriogESD pr ot ect ion circuit 210 is less than that of the diode stringE SP 

not 
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[00069) It is noted that, in FIG. 2B, although the parasitic capacitance of the 
^ ESP protection circuit 210 is reduced, however, a substrate noise generated 
from other circuits in the same substrate 201 may be coupled into the RF input mode 
dirough the diode 214 constructed by the P-type substrate 201. Therefore, tfie 
performance of the RF SCES D power clamp circuit 102 is seriously degraded by the 
substrate noise. Accordingly, an ESP protection circuit with low-capacitance and low 
substrate noise is quite desirable. 
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SUMMARY OF THE INVENTION 
[000010] Accordingly, the present invention is directed to electrostatic discharge 



' i^SO) protection device with low-capacitance and low substrate noise capable of 

V y . • • • 

' " '4* 'i> . •:■ 

jji .5y bypassing an ESD current. 
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(001(^11 In addition, the present invention is also directed to electrostatic 
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discharge (ESD) protection circuit low-^pacitance and low substrate noise capable of 



. bypassing an ESD current. 
1? r r^; [001i21 According to one emboditneni of the present invention, an clcctroEtatic 
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;Viif 1 BSD clamp <?iTfluitES p protection circu it comprises, for example but not limited to, at 
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least a diode comiected in series between a first voltage and a pad, and at least an ESD 
component comiected in series between a second voltage and a pad. Each of the at least 
: 4 J: : . ' : an ESD component comprises a deep N-well region formed in a P-type substrate, a trq>le 
i|T. P-well formed in the deep N-well region, and a highly doped N-type (N + ) region and a 
^ IIV: ; * • highly doped P-type (P+) region formed in the triple P-well region. 

[00123] In one embodiment of the present invention, when a number of the ESD 



• 

•oomponent is one. the N + region of the ESD component is connected to the pad, and the 



•..>^v.- . • . >•. 
. a:.:*'; ; -.- 

''^(^B-^^f'' :P+ region of the ESD conqponent is connected to the second voltage. 
"M i 20 [00134] In one embodiment of the present invention, when a number of the ESD 



iponeni is two including a 1** ESD component and a 2°^ BSD component, the N + 

jf^^'^it^-: region of a I*' ESD component is connected to the pad, the P+ region of the 2"^ ESD 
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conipomsit is coimected to the second voltage, and the P+ region of the 1** ESD 

« 

cornponent is connected to the N+ region of the 2°^ ESD component. 
^ [00145] In one embodiment of the present invention, \^en a ntunber of the ESD 
component is S ixxcluding a 1'^ ESD component to a ESD component, the N+ region 
of the 1" ESD consponent is connected to the pad, the P+ region of the S* ESD 
component is connected to the second voltage, and the P+ region of the T**^ ESD 
iconqponent is connected to the N+ region of the (T+l)* ESD component, wherein S is 

a positive integer and T is a positive integer from 1 to S-1. 

< 

[OOlSgl In one embodiment of the present invention, each of the at least a diode 

« 

;comprises a N-weU region formed in a P-type substrate, and a N+ region and a P+ 
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Iregion formed in the N-weU region. 

[00167] In one embodiment of the present invention* when a nmnber of the diode 
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is one, the N + region of the diode is connected to the first voltage, and the P+ region of 

i 

^the diode is connected to the pad. 

; (00139S] In one embodiment of the present invention, when a nmnber of the diode 
;is two including a first diode and a second diode, the N+ region of a first diode is 
connected to the first voltage, the P+ region of the second diode is connected to the pad, 
and the P+ region of the first diode is connected to the N+ region of the second diode. 
[001$9] In one embodiment of the present invention, when a number of the diode 

■ 

; is S including a 1" diode to a S* diode, the N + region of the 1** diode is connected to the 
: first voltage, the P+ region of the S"* diode is connected to the pad, and the P+ region 
■of the diode is connected to the N+ region of the (T+l)"^ diode, wherein S is a 



■"feli-v^-^^ 'positive integer and T is a positive i 



integer from 1 to S-1. 
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[0(M^20] In one embodiment of the present invention, the ESD protection cu:cuit 
further comprises another RSD olamp circuit ESD pro tection circ uit comprising a PMOS 
transistor and an NMOS transistor. A gate of the PMOS transistor and a gate of the 



NMOS transistor are connected to the pad» a source of the PMOS transistor is connected 



5 to a drain of the NMOS transistor, a drain of the PMOS transistor is connected to the first 



• ' ^^ voltage, and a source of the NMOS transistor is connected to the second voltage. 
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[00201] In one embodiment of the present invention, the ESD protection device is 
a radio frequency (RJF) ESD protection device. 

[0021*2] According to another embodiment of the present invention, ;m 
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^MM^I elcctroctaTitf ■ dieohargc (BSD) protection dcvicc > »Qomprifiing an BSI> clamp circntt 
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•provided, Tihe ES]S> clarop circiut ESD prote c tion circuit comprises , for example but not 
ilimited to, at. least a first ESD component connected in series between a first voltage and 
a pad, and at least a second ESD component connected in series between a second voltage 
and a pad. Each of the at least a first ESD component or the at least a first ESD 




component comprises a deep N-well region formed in a P-type substrate, a triple P-well 
formed in the deep N-well region, and a highly doped N-type (N+) region and a highly 



doped P-type (P4-) region formed in the triple P-well region* 

[00233] In one embodiment of the present invention, when a number of the first 
:ESD component is one, the N+ region of the first ESD component is connected to the 
■ pad^ and the Ph- region of the first ESD component is connected to the second voltage. 

[002^ In one embodiment of the present invention, when a number of the first 
ESD component is two including a l** first ESD component and a 2"^ first ESD 
y^t^M^:^:^' ' component, the N4- region of a l*" first ESD component is comiected to the pad, the P + 
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i 

region of the 2^ first BSD conq)onfint is connected to the second voltage, and the P+ 
region of the 1** first BSD component is connected to the N-h region of Che 2^ first BSD 



coznponent. 

[0Q245] In one embodiment of the present invention, when a number of the first 
;ESD component is S including a 1" first BSD component to a first BSD component, 
':}.{ Jdtie N+ region of the 1*" first BSD component is connected to the pad, the P+ region of 



i't'-ic-;-.- 
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^ii^ ^the first BSD component is connected to the second voltage, and the P + region of the 
; ^'^^ijt^^C^E first BSD conq>onent is connected to the N+ region of the (TH-1)* first BSD 



component, wherein S is a positive integer and T is a positive integer jfrom 1 to S-1. 

[002S6] In one embodiment of the present invention^ when a number of the 
second BSD component is one, the N+ region of the second BSD component is 
connected to the first voltage, and the P+ region of the second BSD component is 
connected to the pad. 

[00267] In one embodiment of the present invention, when a number of die 

■-■ r-.-j'."."- •• ' '. ' 

^!?S^l^^i5^^ /second BSD con^>oneni is two inchjding a 1'' second BSD component and a 2^ second 

BSD component, the N+ region of a 1** second BSD component is connected to the first 
i voltage, the P+ region of the 2"* second BSD component is connected to the pad, and the 





ipH- region of the 1*^ second BSD component is coxmected to the N+ region of the 2™^ 
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A second BSD component, 
i? . [00238J In one embodiment of the present invention, when a number of the 

second BSD component is S including a 1*" second BSD component to a second BSD 
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. component, the N + region of the 1'' second BSD component is conneaed to the first 
= ^1: -^C^ t'- : voltage, the P-H region of the S"^ second BSD component is connected to the pad, and the 
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J" i vfp!^^ PH- region of the T® second BSD component is connected to the N+ region of the 

(T + 1)^ second ESD component, wherein S is a positive integer and T is a positive 
integer from 1 to S-l . 

[00259] In one embodiment of the present invention* the ESD protection circuit 
further comprises another ESD ciamp cir * ^u i »ESD prot e ction circuit con3{>rising a PMOS 
•transistor and an NMOS transistor. A gate of ttie PMOS transistor and a gate of the 
NMOS transistor are connected to the pad, a source of the PMOS transistor is connected 
r, : . ! > to a drain of the NMOS transistor, a drain of the PMOS transistor is connected to the first 
5 voltage, and a source of the NMOS transistor is connected to the second voltage, 

[002fi80] In one embodiment of the present invention, the ESD protection device 
is a radio frequency (RF) ESD protection device. 

[003^1] Accordingly, since the ESD component is provided for the ESD clatnp 
i't^iiC • : circuit of the ESD protection circuit of the present inv^on, the parasitic capacitance of 
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: ■ . ;the ESD clamp &irc\utESjC>j)T QtectLon circuit is much less than that of the conveiitional 

^•^iti;^^ -iis^ diodig ctrbcrRF ESD p rotection ci rcu its. In addition, since the ESD component dose not 

• "ViJr- ^ 

] Mt: -i'^ -constructed by the substrate of the ESD gb.mp circuit of thg ESD protection circuit, the 

■ • * 'X'' ■ •• V, .•«.■*/"' 

: % iproblem of the substrate noise may be reduced. 
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[00312] One or part or all of these and other features and advantages of the 
.present invention will become readily apparent to those skilled in this art from the 
jtoi. following description wherein there is shown and described a preferred embodiment of 
this invention, simply by way of illustration of one of the modes best suited to carry out 
- . -.- * the invention. As it will be realized, the invention is capable of different embodiments, 

".: * . '• 

''':?r:Jfi''\':(- ; and its several details are capable of modifications in various, obvious aspects all without 
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'dqparting from the mvention. Accordingly, the drawings and descriptions will be 



regarded as illustrative in nature and oot as restrictive. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0D323] The accompanying drawii^gs are included to provide a fiinher 
understanding of the invention, and are incorporated in and constitute a part of this 
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• v-:?:!^ ? : Vv Specification. The drawings illx^trate enabodiments of the invention and, together with 
' ^ ^ ^ : description, serve to explain the principles of the invention. 

[00334] FIG* lA is a schematic circuit diagram of a conventional RF BSD 
protection cilrcuit. 

[00345] FIG. IB is a scheniatic cross-sectional view illustrating the diode 
;€tew^ESD protection cir cmt of the RF BSD protection circuit shown in FIG* lA. 

[003S6] FIG. 2A is a schematic circuit diagram of anottier conventional RF BSD 
protection circuit. 

■* 

[00367] FIG. 2B is a schematic cross-sectional view illustrating the «i4<^ 
:«4K4afiESD protection c i rcuit of the RF BSD protection circuit shown in FIG. 2A. 

■ 

[00338] FIG. 3A is a schematic circuit diagram of a RF BSD protection circuit 
.according to one embodiment of the present invention. 

■ 

" [00389] FIG. 3B is a schematic cross-sectional view illustrating the 
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. embodiment of the present invention. 

[00^940] FIG. 3C is a schematic circuit diagram of an BSD protection circuit 
according. to one embodiment of the present invention. 
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[00401] FIG. 3D is a schematic cioss-sectional view illustrating an ESD clamp 




> oircuit ESD protection circuit of an ESD protection circuit according to one embodiment 

m 
• 

■ 

of the present invention. 

« 

m 

[0043:2] FIG. 4 is a diagram illustrating the parasitic capacitance of the £SD 
\' • clamp cireiiitESD protect ion circuit of the present invention and the conventional diodg 

• • ••£. >«.!»: . • s, • J, 
"•.■•.'VJ:-- - . •: 

: <rt<ingRF ESD protection ci rcuit versus the number of the ESD con«)one30ts or diodes 



-Aereof- 



[00423J FIG. 5A is a schematic circuit diagram of a RF ESD protection circuit 
■ iaccording to one embodiment of the present invention. 
'fJifiyOrV ' [00434] FIG. 5B is a schematic cioss-sectional view ilhistrating the diode 

^'MUOV ■: 

^;{v;^- V igfeia gESD protectio n circuit of the RF ESD protection circuit according to one 
•embodiment of the present invention. 

[00445] FIG. 5C is a schematic circuit diagram of an ESD protection circuit 
'f: iatcorditig to one embodiment of the present invention. 

. .TC •■ • . 



.15^ [004S6] 



of the present invention. 



^ ^ ■ /j.; • GircuitgSp proi ection circuit of an ESD protection circuit according to one embodiment 

/ *--.!.t:* • 

^C^fcl^r ^ DESCRIPTION OF EMBODIMENTS 

^ [004^ The present iiwention now wiU be described more fiiUy hereinafter w 

^ 'jf.'!:'- ■ ■ -< ■ 



-reference to the accompanying drawings, in which preferred embodiments of the 
: invention are shown. This invention may, however, be embodied in many different 



forms and should not be construed as limited to the embodiments set forth herein; rather, 



* ^« * • 



■ * - •♦. * 

* >. -k - . : . » • 

" . 1?? ;?:^ Marked Version Customer No.: 31561 

S l^fl&- ' ■ DoctoJt No,: 14217-US-PA.X 

iSiftI' ; Application No.: 10/710»818 

i^^fc^'^^ ' • ' jttese embodiments are provided so that this disclosure will be thorough and coirpleie, 

• J"!. 



^ ^H r t^^^^^^ 'and wiU fuUy convey the scope of the invention to those skiUed in the art. Likeaumibers 
refer to like elements throughout. 



< v .'• 

;••— lii- • '•. .A 

• ^ • ^i- '• • - • " 
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[004S8] FIG. 3 A is a schematic circuit diagram of an ESD protection circuit 



^y/tWi^. : according to one embodiment of the present invention. Referring to FIG. 3A, an ESD 



■■I 



protection circuit 30i0a is conne cted to an ESD power clam p circuit 302 andean internal 



^ rVty . >r "c^^ 3 0 1oompriB0S, for g&amplg but not limited tOi an BSD '- olamp circuit 310a 

rif*':;>>' •*"™ 

Cii^i^^'^'.' comidctgd to an I/Q pad - SOSand connected between voltages Vpp and Vg y^^fJC 303 . In 
rlfl^ ' one embodiment of the present invention, the voltages V^j^ and V^s represent a high 
^voltage and a low voltage or vice versa. The ESD clamp gir<?wtE SD pr otection circuit 



4^^||i^*y j310a comprises, for exan^le but not limited to, at least a diode connected between 

1 \; • ■. : .• . 

J^H^v !1 : ivoltage and the \x^)i\ pad 308, and at least an ESD component conxiected between 



^ voltage V^s and the pad 308. 

■ A »^ H * • 



f [0049S] FIG. 3B is a schematic cross-sectional view illustrating an ESD clamp 

■■,./..«^>.-j 



^ iS^ ctrcuit ESD proiection circuit of an ESD protection circuit according to one enibodinient 
S^^- ^-^ :of the present invention. Referring to FIG. 3 A, at least a digd€L(je.g^,,>w<w^ diodes 312a 
;> : tQ 3 12x11 are shown in FIG. 3B , wher ein m> 1 ) is connected in series between voltage V^yt} 

;and the pad 308, and at least aaJESp^ compone nt (e.g>, n^ ESD components 314a to 
:314n are shown in FIG. 3B, wherein n ^l) is connected in series between voltage and 

— I .dfaH'i — .1 ■■■■■M.J W ■■■■ ■' 



••r-'-hi;::.- 
1'- ">;•:•.■> • • • 



-liie pad 308. Referring to FIG. 3B, each of the diodes 312a to 312m con^nises, for 

.• ' * "•'i''-" *"* " 'J' . 

r^^^^r -C 'example but not limited to, a N-well region formed in a P-type substrate 301, and a 
SSI^V^> ^highly doped N-type region (N+ region) and a highly dqped P-type region (P+ region) 
* r:.-v4'-: .formed in the N-well region. In one embodiment of the present invention, the ES» 



.?^Ji•■■.^.•i 
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Ij^l^y':':! : - . jthg - P^"iccgion of the ESD ooiXiponcDt 314b may . lx:) conTi a ctod to tho N -h region of thg 



[005 00051 1 FIG. 3C is a schematic circuit diagram of an ESD protection circuit 
S^^iy'i^k' according to one embodixnent of the present invention when m= 1 and n= 1- Tho ESP 

^.;:\oilv^i-rs'f WQtcction circuit 300^^ chown io FIG* 3C is similar to -th^ ESP protection ciriiuit 300a 
I^UjI-'^^I. choT * i» .. in FTGj 3 A. Howcvori in ono ombodimont of the present invcnTTOnR eferrin)^ to 
^ 1^1^ • : ^ HG. 3C, the j BSI>clamp cirroi T ESD protect ion circuit 310o 4>f4hG ESD protgction < ?i iP Gu i 4 i 
i^SOQg- comprises, for example but not limited to, one diode 312p connected between 



'''■•t.iij-: • 



yoUage Vdd and the pad 308, and one ESD component 3I4p connected between voltage 



:-»^r . jVss and the pad 308. 

[005100521 FIG. 3D is a schematic cross-sectional view illustrating an 
iolamp givflMitES D protection circuit of an ESD protection circuit according to one 
embodiment of the present invention when 1 and.n^l. Referring to FIG. 3D, the 
iidiode 312p con^rises, for example but not limited to, a N+ region and a P+ region 
iformed in a N-well region in a P-type substrate 301 . The P+ region of the diode 3l2p 
:is connected to the pad 308, and the N+ region of the diode 312p is connected to voltage 




1' 

i j''<->>S' 



0" 



• ..I 



Von The ESD components 314p coxuprises, for exan^le but not limited to, a deep N- 



well region formed in the P-type substrate 301 , a triple P-well formed in the deep N-weU 
region, and an N + region and a highly doped P-type region formed in the triple P-well 



; .r^on. The N+regicOT Of ihe ESD component 3 14p is connected to the pad 308, and the 

P+ region of the ESD con^onem 314p is connected to voltage Vgs- 
• [00^0053] It should be noted that, the ESD elamp ciriU.tf E SD protection circ uit 

■ 

310a shown in FIG* 3 A and FIG. 3B or the BSP G!-ump g i cou i^ES D protection circuit 
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MOc shown in FIG. 3C and FIG. 3D is only illustrate as an exemplary example, and 
.should not be adopted for limiting the scope of the present invention. In the present 
invex^on, the ESP glamp ' CiiiCi^ i i^ E SD protection circuit may conq^rise, for exaxnple but 
QOl limited to, one or more diode connected between voltage V^d and the pad 308, and 
one or more ESD component coxmected between voltage V^s and the pad 308. 

[OOSaOOsa] in one embodiment of the present invention, the BSD protection 
xiircuit 3Q0»-3 10a or S006-3l0c may be adopted for a RF ESD protection circuit t i . g . rthe 
JC 303 compriGPG a RF IC 303 . 

IOQS400SSI In one embodiment of the present invention, the ESD protection 



'. '.•Jtit,';'" 

" liS^d . '^circuit 3010a or 3010c further comprises an ESIX^ilamp circuit internal circuit 304. The 
;&SP.<slAmp circuit internal circuit 304 comprises, for example but not limited to, a PMOS 



" ' if; . • • f . 



? ;! ;f II | ; : transistor 306a and an NMOS transistor 306b. The gate of the PMOS transistor 306a and 
an NMOS transistor 306b are connected to the pad 308, the sotirce of flie PMOS 

■ 

^transistor 306a is coimected to the drain of the NMOS transistor 306b, the drain of the 



. .* •'r.l • : • » . 
. rv. '•»... ^ - 

-.•.•■■•>• » ••- 



V. 



^|5t5i PMOS transistor 306a is connected to the voltage Vod» ^ source of the NMOS 



* * • > A 



«• 'J • ; . 

•. I- •■* ■. r. ■ 

... *» ■- " 1 



Itransistor 306b is connected to the voltage Yss- 

re0& 50056 1 Referring to FIG. 3B or 3D, the parasitic capacitance oLthe ESD 



^^^^|i>t-> • coinpoiients 3 14a to 3 14n or 314p is associated with the series connection of the parasitic 
; capacitance C4 between the N+ region and ihe triple P-well region, the parasitic 
• capacitance C5 between the triple P-well region and the deep N-well region, and the 
parasitic capacitance C6 between the deep N-well region and the P-type substrate 30L 
iTht parasitic capacitance C4 is much less than the parasitic capacitance C5 or C6 since 



. ; theN-r region is hig hly doped _and_the area, of the junction between the N+ region and 
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the triple P-well region is much less than the area of the junction between the triple P- 
well region and the deep N-well region, or the area of the junction between the deep 



N-well region and the P-type substrate 301 . Therefore, since the parasitic capacitaxkce of 

r '''' 
"t ■ 

f i - the ESD componen ts 3 14a to 3 14n shown in FIG. 3B or the ESP comp onent 314p shown 



« ■ • t 



. in FIG« 3D is associated with the series connection of the junction capacitances C4, C5 
\U' and C6, the parasitic capacitance of flie ESD p rotec tion circuit 3 10a or 3 10c betweenthe 



. pad 308 and the P*tvpe substrate 301 m ay be reduced, component Bl'lp iE less than - the 



jUjROtion eapacitancgc Ci > 

[00560057] It should be noted diat» when FIG. 3 B, FIG. 3D and FIG. 2B (or FIG- 



:'lB) .are under similar process parameters and structure dimemions, the parasitic 



j!^^ . icapacitance C4 is close to the parasitic capacitance C3 (or CI) since the area of the 
; junction between the N+ region and the triple P-well in the ESD conq>onen ts 3 14a to 
' I'i: 314n show n in FIG, 3B or th e ESD component 314p shown in FIG .3D is close to the 



jarea of the junction between the N4- region and the P-type substrate 201 (or the area of 



'a* * 



ithe junction between the P+ region and the N-well region). Therefore, the parasitic 

't ■ 

< icapacitance of the ESD eciiiD9a < a.nt 3lAp p r otectior> cir cui t 310a or 310c ( less than the 
junction capacitances C4) is less than the parasitic capacitance C3 of the diode 214 or less 



itfaan the parasitic capacitance (CI-hC2)/ffwof the series connection of the diodes 1 14a to 

ip 

V : 114n. Accordingly, the parasitic capacitance of the FSB Qlaxnp circuit ESD protection 
2* ' ^circuit 310 a or 310c is less than that of the dwde otring ES D protection circu ix 210 or the 



" • ! • 



diode siring ESD pr ote c tion, c ircuit 110. 

[00520058] In addition, when FIG, 3B and FIG, 3D are under similar process 



: ?- V parameters and structure dimensions, the parasitic capacitance of the series connection of 
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ithe ESD coinponents 3 14a to 3 14n shown in FIG. 3B is less than the parasitic capacitance 
of the ESD coiDponent 3 14p shown in FIG. 3D. Accordingly « the parasitic capacitance 
bf the ESD clatnp girguit E SD pr otec tion circuit 310a is much less than that of the 
^^(iHss^ESD nrocection circuit 210 or the diodo fitrin n ESD p ro tection circ uit 1 10. 

Tallin 111! ■iiliiiinJ^lii* <|»*><i«»i>aMi«< m i ■■■■ m *i M ai- m a ■■■■■■■■i ii ii i im iii ii 1 1 ■ m Kii ■ ■!■ mii i im ■ ■■■ ■ im ■■ ' - 

[60580059] FIG. 4 is a diagram illxistrating the parasitic capacitance of the 

« 

•.')|[^f> ^ t i clamp circiiitESD pr otecti on circu it of the present invention and the conventional 

. i:! . . gtfwa gESD pro tec tion circuit versus the nuxnber of the ESD components or diodes thereof. 




•I 

••-If 



In FIG. 4, the uppermost line represents the parasitic capacitance of the convemional 



^^iiiJilj; = Jc diodes 114a to 114n(i,e.. n=10f vrfiereink-l, 2, or 3. The middle line represents the 
;§i:fe v U- parasitic capacitance of the conventional diodg strinj gE SD prote ction circuit 210 



V ( diode ctrian ESD pro tect i on ci rculT 1 10 including k diodes 1 12a to 1 12m (i.e., m=k) and 



S\» V. 'v: 



including k diodes 212a to 212m (i.e., m=k) and one diodes 214a* wherein k=l, 2, or 

> 

3. The lowermost line represents the parasitic capacitance of the ESD clamp circuit E SD 
protecti on circuit MOo compriging ong - diode 313p and ong BSP- e omponontc 3 Hp as 



1^ ; . ,rihiowgi in FIG . 3D (i r ^r r li l)t and tlio ESP tflamp circuit 3 10a comprismg k diode 3 12a 



of ~? I ;• 



io 312m (i.e., m=k) and k ESD components 314a to 314n (i.e.. n=k) as shown in FIG. 



wherein k=1^..2, or 3. It should be noted that, the ESD clamp cirouitE SD 
|j;^/ >j : protection circuit SlOa ^vr 310G has the lowest parasitic capacitance compared to that of 



the conventional diode gtrinjsRF ESD orotection cir cuit 110 or 210. 



' ):■::; " .1." 

Slfiittfii; ' [00500060] fig. 5A is a schematic circuit diagram of an ESD protection circuit 



^•.^f |!5 . iaccording to one embodiment of the present invention. FIG. 5B is a schematic cross- 
• ^sectional view illustrating an ESD clamp eir^vvir ESD p rotection circuit of an ESD 



■ >:protection circuit according to one embodiment of the present invention. The ESD 



1.-1 

A' \ ,< - ... ■ • 
r'.*\-..T-».:- 

'. r- - . 

» • ■ ■ . 

. • ^. " • ■ • 

TV: t,:- 
* ■ " • v. » ' 

• _* . 1 • * > W ? • * • . 

• i t :i 



IS 



SS>^"d 9T:8T 50, i? qsj t?^P869K:X^i 



' ■ OkZZ:(ssHUUi) NOIiViina « K»869(;z:a]S3 « QOCeZiS^SINQ > P-AXd3K)ldSfl:)IAS t Nl piepueiS m Km SOOM iV QAOii • 8S/6» 3SVd 

rfj- . J, ■> I • 

.Marked Version Customer No.: 31561 

Docket No.: 14217-US-PA-X 
AppUcfltlon No^: 10/710*8X8 

protection circuit ^QQ» -510a shown in HG. 5A and FIG. SB is similar to the ESD 



•'.id T^-: . • •.••!• 



protection circuit aOQa- 310a s hown in FIG. 3A and FIG- 3B except for that the diodes 
312a to 312in of the ESD clamp cifcni tE SD protection circuit 310a is replaced by the 
BSD components 512a to SI 2m of the ESD clamp circuit ESD protection circuit S10a> 
[00600061} FIG, 5C is a schematic circuit diagram of an ESD protection circuit 




•: according to one embodiment of the present mvention as m^n— 1. FIG. 5D is a 



:', -ii •> • ! 



i i; schematic cross-sectional view illi>strating an ESD clamp ciTgiu t ESD protection circuit 



f« • ••' •* 



of an ESD protection circuit according to one embodiment of the present inventio n as 



C^iP m°^n=l . The ESD protection circuit SQQ ^5 lOc shown in FIG. 5C and FIG. 5D is 
Similar to the ESD protection circuit 300g-3 lOc^shown m FIG. 3C and FIG- 3D exc^t 

■'; •: y Ir ' v « 

for that the diodes 312p of the ESD clamp circiuitE SD pr otection circuit 310c is replaced 
by the ESD con^nents 512p of the ESQ clamp circu; tE SD protection circuit 510c. 

[OO63L0062J It should be noted that» when FIO. SD and FIG. 3D are under similar 

■. jr iv,.f .. r*.' • 
■■■■ ' • .fry •' *. ~ •» / 

? ^:p^:;>^ process parameters and structure dimensions, the parasitic capacitance of the series 

. • ■ -I ' • - 




|?^^SL^i: 'connection of the ESD component 512p shown in FIG. 5D is less than the parasitic 



i^SI^'i^ ^ - -*^acitance of the ESD con^)onent 312p shown in FIG. 3D. Thw, ihr r-infTtir 
j'^vlpJi y capacitance of tha TiSD clamp giycuit 5 10c ic lecF than that of the BSD oiamp circuit 3 1 0c 
?• Accordingty, the paroc i tic oapacitanctf of the ESD clamp cirouit 510c is much Icsg than 

rMfc-!:?-*. that i?,f the '. diodc ctriiig 210 or the -indQ ctring 110 . 
*". ••'.■•* '.■ » • 

i^i^i^d: : [00620063] In addition, when FIG. SB and FIG. 3B are under similar process 



■ *■ ♦ ; • * ■ 
* 



it.-*'': .. >. 



:parameters and structure dimensions, the parasitic capacitance of the series connection of 
'Ae ESD components 512a to 512m shown in FIG. SB is less than the parasitic 



• -^S': • capacitance of the ESD components 312a to 312m shown in FIG. 3B. Thus, the parasitic 
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i^jP vt- capacitajoce of the ESP clainp circwit ESD protection ci rcuit 5 lOa is less than that of the 
:' >j^;fi^ . f^" ESP glamp cirouitE SD protection circuit 3 10a. Accordiaxgly , the parasitic capacitance of 
the ESD - otoHip oircuit ESD protect ion ci rcuit SlOa is much less than that of the diode 
fetri a&ESD protection circuit 210 or the diode gtrin g ESD protection circuit 110. 

[00630064] Accordingly, since the BSD conQ)onent is provided for the 
icinmp airciiitK SD prot ection circuit of the ESD protection circuit of the present invention, 

■ 

the parasitic capacitance of the ESD clamp oircui tE SD protection circu it is much less 
than that of the conventional diode string RF ESD prote cti on circu it. In addition, since 
ithe ESD component dose not constructed by the substrate of the ESD - clamp circui t ESD 




.'.'■•ilje:;: • . .' • 



"t: 



^ ■•^J- 's..'' 



* '•*!! 



•^^^i . ^protection c ircu it of the ESD protection circuit, the problem of Ae substrate noise may be 



'Tclf^iT*: .-reduced. 



^ = [00440065] The foregoing description of the preferred embodiment of the present 



^ w • ■ = . 



- 'invention has been presented for purposes of illustration and description. It is not 



> } -i- : '3 * ■ : 
» >,\ ^i; V^- .■ ; . 

S jy- 'intended to be exhaustive or to limit the invention to the precise form or to exenplary 



iW" •. 1, 

^ ,.£'•< ■ 



•i^iliO^r -embodiments disclosed. Accordingly, the jforegoing description should be regarded as 



. . " 



A in?' > ; dlhistrative rather than restrictive . Obviously, joaany modifications and variations will be 



..•iff,: 



<* •! •••« _ • 



apparent to practitioners skilled in this art. The embodiments are chosen and described 
:.in order to best explain the principles . of the invention and its best mode practical 
application, thereby to enable persons skilled in the art to understand the invention fox 



various embodiments and with various modifications as are suited to the particular use or 
■ . implementation contenq>lated. It is intended that the scope of the invention be defined by 



*■ • * > » * «-. • 



the claims appended hereto and their equivalents in which all terms are meant in their 



. '::..:.• }- -broadest reasonable sense unless otherwise indicated. It should be appreciated that 

' ••••>.^>* • • - 

• •^. 'V } :. , . •. .•: » 
*i • - • • • 
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variations noay be made in the embodiments described by persons skilled in the art 
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without departing from the scope of the present invention as defined by the following 

• • * 

iclauns. Moreover, no element and coniponent in the present disclosure is intended to be 
dedicated to the public regardless of whether the element or conq}onent is explicitly 
jecited in the foUowing claims. 
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documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOil^R BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
y LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



